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(54) Title: PVDC EXTRUSION METHOD AND PRODUCT 
(57) Abstract 

A sheet material (1) for use in packaging substances 
requiring a stable barrier layer and a method for producing 
same are provided. The packaging material comprises a 
substrate sheet (3) coated with a layer of polyvinylidene 
chloride copolymer (7) having a thickness of at least 10 
micrometers. Preferably, a thin layer of primer material (5) 
is located between the polyvinylidene chloride copolymer 
layer (7) and the substrate (3). The sheet material is 
prepared by extruding a single layer of polyvinylidene 
chloride copolymer (7) onto a moving sheet of the substrate 

(3). A standard coat hanger die which has been modified *t 
to provide shortened flow paths for the polyvinylidene 
chloride copolymer is utilized for the extrusion process. 
Prior to introducing the polyvinylidene chloride copolymer 

into the die, the inner surfaces of the flow paths in the die are coated with polyethylene in order to minimize adherence of polyvinylidene 
chloride copolymer to the inner surfaces of the flow paths. 
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TITLE OF THE INVENTION 

PVDC EXTRUSION METHOD AND PRODUCT 

BACKGROUND OF THE INVENTION 
5 The present invention relates to generally sheet-like substrates which are 

extrusion coated with a layer of polyvinylidene chloride and its copolymers, and 
also a method for making polyvinylidene chloride extrusion coated materials. 

The term PVDC hereinafter refers to copolymers including polyvinylidene 
10 chloride as one of the polymers. PVDC is a particularly effective material to be 
used as a barrier against moisture, oxygen and aromatic hydrocarbons. It is 
therefore desirable to use PVDC as a coating for packaging materials. The 
production of packaging materials typically involves coating a suitable substrate 
such as paper, PVC plastic or aluminum foil with PVDC, through a process of 
1 5 extrusion, to form a sheet material useful for packaging purposes. Applications for 
such packaging sheets include the formation of blister packs for the packaging of 
pharmaceuticals and meat and fish products. Also barrier coated substrates may 
be used to package substances such as milk, edible oils, nuts, cheese, spices and 
biscuits. Packaging sheets having a barrier layer of PVDC are effective for use 
2 0 with any product which requires protection from moisture, oxygen or which needs 
to retain gases, moisture or aroma. 

It is well known that it is difficult to extrude PVDC because of the 
susceptibility of PVDC to thermal degradation during extrusion. This is because 
2 5 of the very low temperature stability and autocatalytic degradation of PVDC. This 
degradation is accelerated by contact with metal ions from the die and extruder. 
Attempts have been made to overcome this problem by encapsulating the 
degradable PVDC material with non-degradable plastic material prior to extrusion. 
However, it is also well known that some applications require extrusion of PVDC 
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in a non-encapsulated form. Previous attempts to extrude PVDC in a non- 
encapsulated from a flat coat hanger die form have proved to be unsuccessful due 
to decomposition of the PVDC resulting from prolonged residence time of the 
PVDC in the die. 

Due to the inherent difficulties in extruding unencapsulated PVDC onto 
substrates, methods have been developed to coat substrates with liquid dispersions 
of PVDC latex as opposed extruding PVDC. One such method is known as the 
Gravura process. This is an expensive method which requires multiple passes of 
the substrate through the coating process. Each pass through the process 
corresponds to a single layer of dispersion being added to the substrate. This 
process often involves eighteen layers or more to be added to the substrate in order 
to provide a sheet with acceptable barrier properties. With thicker layers using this 
process, it is difficult to dry individual layers properly. This leads to the formation 
of pores in the coating thereby leading to porosity of the layers and reducing 
barrier properties. Thicker Gravura coatings are susceptible to flex cracking. Also, 
storage and handling of the water based emulsion used in the Gravura process is 
very difficult and time limited to approximately six months. These storage 
problems do not apply to PVDC extrusion resins. 

As mentioned above, difficulties in extruding PVDC plastics have resulted 
from the decomposition of PVDC into HC1 and carbon during the extrusion 
process. The rate of decomposition is directly proportional to both the temperature 
at which the extrusion process is carried out and upon the length of time for the 
extrusion. Since the decomposition is autocatalytic, degradation of PVDC is rapid 
once the reaction has commenced. 

There therefore is a need for the provision of a packaging sheet material 
which is extrusion coated with a single unencapsulated layer of PVDC plastic. 
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There is a further need for a process for producing extrusion coated packaging 
material having a PVDC layer through a process of extrusion which can be carried 
out at lower temperatures and which involves a short residence time of the PVDC 
in the extruder and die. There is a need for such a process which makes use of a 
5 die formed of a material which does not catalyse the formation of hydrochloric 
acid from PVDC 

SUMMARY OF THE INVENTION 

The present invention is a sheet material comprising at least one layer of 
10 PVDC plastic extruded onto a generally planar substrate. The present invention 
further includes a method for extruding a single layer or multiple layers of PVDC 
plastic onto the substrate wherein the method is carried out at a relatively low 
temperature and with a small residence time of the PVDC in the extruder and die 
combination. 

According to one aspect of the invention there is provided an extrusion 
coated multilayer sheet material comprising a substrate layer, and a single non- 
encapsulated layer of polyvinylidene chloride copolymer having a thickness of at 
least 10 micrometers extrusion coated onto a surface of the substrate layer. The 
2 0 sheet material preferably includes an adhesive primer layer located between the 
substrate layer and the polyvinylidene chloride copolymer layer for facilitating 
bonding of the polyvinylidene chloride copolymer layer to the substrate layer. 

Accordingto another aspect of the invention, there is provided a method for 
25 coating a substrate sheet with a layer of polyvinylidene chloride comprising the 
steps of providing an extruder coupled to a die having a die opening, the die 
having shortened flow passages, coating the flow passages with polyethylene, 
passing molten polyvinylidene chloride from the extruder to the die and through 
the die opening, providing a primer means over a surface of the substrate, 
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transferring the substrate into close proximity to the die opening, and coating the 
substrate with the extruded polyvinylidene chloride emanating from the die 
opening. 

5 According to still a further aspect of the invention, there is provided a 

method for extrusion coating a substrate sheet with a polyvinylidene chloride 
copolymer layer comprising the steps of providing an extrusion die for co- 
extruding in sheet form through a slot opening a partially encapsulated material 
comprising polyvinylidene chloride copolymer with an adhesive material bonded 

10 to one surface thereof, passing the substrate sheet by the slot opening; and 
extruding the partially encapsulated sheet material onto the substrate sheet so that 
the adhesive material is located between the substrate sheet and the polyvinylidene 
chloride. Preferably, the polyvinylidene chloride copolymer is by weight 80% to 
99% polyvinyli dene chloride and the substrate material is selected from the group 

15 consisting of polyvinyl chloride, polypropylene, polyester, polyamides, 
polystyrene, polyethylene, ethyl vinyl alcohol, polycarbonates, co-polymers and 
extrusion combinations thereof, paper and aluminum foil. 

Further features and advantages will become apparent from the following 
2 0 detailed description taken in conjunction with the following drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a sectional view of a preferred embodiment of PVDC coated 
sheet material according to the present invention; 

25 

Figure 2 is a schematic diagram of the method of manufacturing the sheet 
material of the preferred embodiment; 

Figure 3 is a perspective view of a die utilized in said method; 
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Figure 4 is a cross-sectional view taken along the lines IV-IV of Figure 3; 

Figure 5 is a sectional view of an encapsulated embodiment of the present 
invention; 

5 

Figure 6 is a sectional view of a partially encapsulated embodiment of the 
present invention; 

Figure 7 is a schematic drawing showing a method of manufacturing the 
1 0 encapsulated embodiment of the sheet material of the present invention; 

Figure 8 is a schematic drawing showing a method of manufacturing the 
partially encapsulated embodiment of the sheet material of the present invention; 

15 

Figure 9 is a schematic drawing showing a further method of mmufacturing 
the sheet material with hot melt adhesive as a primer; and 

Figure 10 is a diagrammatic plan view of an extrusion die for producing 
2 0 partially encapsulated PVDC. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As depicted in Figure 1, sheet material 1 is generally planar. The sheet 
material includes a substrate 3 having a top surface 2 and a bottom surface 4. A 
2 5 very thin coating of primer 5 is adhered to the top surface 2 of the substrate 3 . The 
primer can include any combination of water or solvent soluble co-polymers or 
two component systems. The primer coating functions to improve the adherence 
of a layer of extruded PVDC 7 to the top surface 2 of the substrate 3. This allows 
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the extrusion process to be carried out at a lower temperature while still achieving 
acceptable adherence of the PVDC to the substrate. 

In an alternate embodiment of the present invention, the well known 
5 techniques of corona treatment and ozone treatment may be applied to either the 
top surface 2 or the bottom surface 4 of the substrate 3, or both, in order to 
improve the adherence qualities of these surfaces to the extruded PVDC 7. In this 
embodiment, the treated surfaces provide primer means for improving the 
adherence of the substrate to the layer of extruded PVDC 7. 

10 

The layer of PVDC 7 is applied to the top surface 2 of the substrate 3 so 
that the primer 5 is located between the PVDC layer 7 and the top surface 2 of the 
substrate 3. The fact that the PVDC layer is not encapsulated is an important 
feature of the sheet material 1. The PVDC layer 7 provides an excellent inert 
15 barrier against oxygen, moisture, oils and aromatics due to its highly crystalline 
structure. Oils and other additives from the packaged product cannot penetrate into 
the PVDC crystal in order to degrade the seal provided by the PVDC layer. The 
result is a highly durable and reusable sheet material due to the barrier qualities 
of the PVDC. 

20 

The PVDC layer that is adhered to the substrate is a single layer of non- 
encapsulated PVDC having a generally uniform thickness of between 10 
micrometers and 200 micrometers. The PVDC layer is produced from PVDC resin 
which is melted in an extruder, as described in more detail below. For the 
25 purposes of the present invention, a layer of PVDC refers to a layer of PVDC 
which is obtained from melting PVDC resin and includes by-products of the 
extrusion process which may become embedded in the PVDC. Furthermore, 
PVDC can also include usual additives such as stabilizers, plasticizers and 
processing aids. As used herein, PVDC refers to a co-polymer of polyvinylidene 
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chloride in which polyvinylidene chloride preferably makes up 80% to 99% of the 
weight of the copolymer. 

In an alternate embodiment both the top 2 and bottom 4 surfaces of the 
5 substrate 3 may be coated with a primer 5 and a layer of PVDC 7, as described 
above. 

The substrate 3 may be chosen from a number of different substances such 
as PVC, polypropylene, polyester, polyamides, polystyrene, polyethylene, 
10 ethylene vinyl alcohol, polycarbonates and linear low density polyethylene 
(LLDPE). The substrate may also be formed of co-polymers of these substances 
and co-extrusion combinations may also be used as substrates. Paper and 
aluminum foil may also be used as substrates. 

1 5 The method for producing sheet material 1 is shown schematically in Figure 

2. Substrate 3 is provided on a roller 10. The substrate is then transferred 
mechanically according to any one of several methods known in the art from the 
roller to a series of work stations. Substrate 3 is first coated with a very thin layer 
of primer 5 at primer coat unit 12. The substrate 3 is then transferred to a drying 

2 0 unit 14 which serves to dry the coat of primer 5 which had previously been applied 
to the substrate 3. Once the primer coat has been dried sufficiently, the substrate 
3 is brought into close proximity with a die opening 20 from which the extruded 
PVDC 7 is applied onto the moving substrate sheet. The final sheet material is 
then collected onto a collection roller 24. 

25 

As with known extrusion processes, PVDC resin is provided to extruder 16. 
The resin is then melted in the extruder and transferred to die 18. The molten 
PVDC is then extruded through die opening 20 so that a layer of PVDC 7 
emanates from the die opening 20 for coating onto substrate 3, as described above. 
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A coat hanger die 18 similar to those known in the art is used for the 
purposes of the present invention. As shown in Figure 3, the die has a first body 
portion 30 and a second portion 32. The first and second body portions form a 
seam 36 at their junction when these are attached together. The die 18 includes a 
5 die entrance 28 and a die opening 20 through which the PVDC is extruded. As 
shown in Figure 4, the die also includes a generally parabolic inner cavity 38 
having an inner surface 40. 

The rate of the reaction involving the degradation of PVDC into HC1 is 
1 0 proportional to the time in an exponential relationship. It is therefore necessary to 
limit the residence time of the molten PVDC in the die cavity to prevent this 
reaction from proceeding to any significant degree. This has been accomplished 
in the present invention by modifying a standard coat hanger die to shorten the 
flow passageways provided in the die cavity. For example, in the preferred 
15 embodiment, the distance between the die entrance 28 and the die opening 20 has 
been shortened to provide for a shortened flow path in comparison to commonly 
used coat hanger dies. Other methods of shortening the flow paths in the die which 
are known in the art are also possible for successfully carrying out the objectives 
of the present invention, 

20 

In order to prevent the degradation of PVDC from occurring in the die 
cavity 3 8, it is necessary to ensure that the rate of flow of PVDC at the peripheries 
of the die cavity is sufficient enough to avoid degradation. Previously, this has not 
been accomplished because the portion of PVDC adjacent to the inner die wall 40 
2 5 would adhere to the die wall as the PVDC passes through the die cavity thereby 
impeding the movement of the portion of PVDC adjacent to the die wall. Also, 
PVDC tends to adhere to seam 36 thereby impeding its flow through the die. The 
result has been unequal flow rates of PVDC through the die cavity 38 with the 
PVDC at the centre flowing much more quickly than the PVDC at the peripheries 
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and at the seam 36. This leads to degradation of the slower flowing portions 
PVDC. Since the degradation of PVDC is autocatalytic in that the production of 
HC1 catalyses the degradation, once degradation of PVDC begins at the peripheral 
portions, then this degradation will quickly spread to the central layers. In the 
5 present invention, the PVDC preferably passes from the extruder and through the 
die opening in approximately 5 minutes or less. 

This problem has been solved by first coating the inner die walls 40 and the 
seam 36 between the first and second die members with a layer of polyethylene 
10 prior to extruding the PVDC. Since PVDC does not adhere to polyethylene, the 
body of PVDC at the peripheries of the die cavity now move through the die 
cavity 38 faster. This ensures the entire body of PVDC has substantially less 
residence time. As a result, the autocatalytic effect of the production of HC1 has 
been significantly reduced. 

15 

The use of a die made of a highly corrosion resistant metal, preferably 
Duranickel (trademark) or other high-nickel alloy steel, also inhibits the 
degradation of PVDC into HCL Other materials or coatings can be used to slow 
down catalytic degradation of PVDC. 

20 

In order to carry out the extrusion of PVDC successfully, it is very 
important to closely monitor the temperature of the PVDC as it is being melted. 
PVDC will rapidly degrade at elevated temperatures. Preferably, the extrusion of 
PVDC will be carried out at approximately 170 °C. A cooling control package is 
25 used to maintain a tight (preferably +/-2°C) temperature profile for the die and 
extrusion zones. 
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Once a layer or layers of PVDC have been successfully extruded onto a 
substrate, further materials can be extruded or co-extruded onto the substrate in 
order to improve the sealability of the sheet material. 

5 An alternate embodiment of the present invention is shown in figure 5. 

Sheet material 1 is provided which includes a layer of extruded PVDC 7 which is 
fully encapsulated by a layer of adhesive material 8. The adhesive 8 is bonded to 
the substrate 3 along an outer side thereof. Similarly, the adhesive layer 8 is 
bonded to the PVDC layer along an inner side thereof. 

10 

The adhesive layer may contain polyethylene and copolymers thereof, 
polypropylene and copolymers thereof including ethylene vinyl acetate, 
polyamides and copolymers thereof, polyesters andpolyurethane and copolymers 
thereof. In addition, other adhesive materials known in the art such as hot melt 

15 adhesives may be used to form the adhesive layer. As known in the art, hot melt 
adhesives contain low molecular weight polymers having low temperature melting 
point. The adhesive layer 8 does not adhere to metal thereby rendering it 
unnecessary to coat the inner die walls with polyethylene. Furthermore, due to the 
lower viscosity of the adhesive layer 8, the encapsulated PVDC has a shorter 

2 0 residence time in the die and prevents the PVDC from touching the die walls. The 
adhesive layer also has better temperature stability. 

The process for producing the fully encapsulated embodiment is set out in 
Figure 7. As is the case with the preferred embodiment, a sheet of substrate 3 is 
25 drawn from a roller 10. Since the adhesive layer 8 acts as a primer, it is 
unnecessary to add a primer to the sheet material prior to coating the substrate 
sheet 3. PVDC resin is fed into extruder 16 where Hie PVDC resin is melted. The 
melted PVDC is then delivered to feed block 45 where it is encapsulated by 
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adhesive in a manner known in the art. The encapsulated PVDC is the delivered 
to die 18 before being coated onto the substrate sheet 3 through die opening 20. 

Figure 6 shows a partially encapsulated embodiment of an extrusion coated 
5 sheet material 50 of the present invention. A layer of PVDC 7 is bonded to an 
adhesive layer 8 which only partially encapsulates the PVDC layer 7. The 
adhesive layer 8 is bonded to substrate layer 3. 

One preferred process for making the sheet material 50 is shown in Figure 
10 8 (which is similar to the process of Figure 7, except that PVDC layer 7 is partially 
encapsulated instead of fully encapsulated). A sheet of substrate 3 is drawn from 
a feed roller (not shown). An extrusion die 54 is used to co-extrude the PVDC 
layer 7 and its partially encapsulating adhesive layer 8 onto substrate 3 in the 
vicinity of a nip between two rolls 56 and 58, thereby producing extrusion coated 
15 sheet material 50, which is rolled onto a take-up roller (not shown). The method 
for extruding partially encapsulated PVDC layer 7 of the sheet material 50 will 
now be described with reference to Figure 10 and Figure 6. 

The method for extruding the partially encapsulated PVDC of sheet 
20 material 50 is based on the discovery that, when degradable plastic material is 
extruded from a slot die without encapsulation, most of the degradation occurs at 
the sides of the extrusion chamber rather than that its main surfaces, probably 
because of longer residence time at the sides. 

2 5 Referring to Figures 6 and 10 the extrusion die 54 for producing partially 

encapsulated PVDC has a main body 1 12 with an extrusion chamber 1 14, a main 
inlet passage 116 for feeding a melt stream 118 of degradable plastic material, 
such as PVDC, into the extrusion chamber 1 14, and a slot 120 through which the 
plastic material is extruded in sheet form. 
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The die body 112 also has a pair of further inlet passages 124, 126 for 
feeding melt streams 128, 130 of non-degradable material (such as hot melt) to 
opposite side edges of the melt stream 1 18 of the PVDC. As shown in Figure 10, 
the melt streams 128, 130 of non-degradable plastic material prevent the 
5 degradable plastic material 18 from contacting the sides 132, 134 of the extrusion 
chamber 1 14. In addition to being fed to opposite sides of the melt stream, the 
non-degradable plastic material is also fed to one surface of the melt stream of the 
degradable plastic material to provide the main portion 7 of the plastic sheet 
extruded from the slot 120 with side portions 150 and 152 of non-degradable 
10 plastic material which also covers one face 156 of the main sheet portion 7, 
leaving the other surface 158 of main sheet portion 7 uncovered. 

In practice, the die body 112 is usually formed of two parts secured 
together, one on top of the other, which produce a joint line extending around the 
15 sides of the extrusion chamber 114. The present invention thus keeps the 
degradable plastic material away from the joint line where it has been found most 
degradation of degradable plastic material is likely to occur. 

The adhesive 8 of sheet material 50 is preferably a low temperature 
2 0 adhesive such as hot melt which has melt index higher than 1 MI and an adherence 
temperature range (hot tack range) of approximately 100° - 140° C. The low 
temperature adhesion range of hot melt allows the PVDC to be co-extruded at low 
temperatures, which minimizes degradation of the PVDC. The extrusion of the 
adhesive 8 with the PVDC layer 7 eliminates the need for the primer coating and 
2 5 drying step used in the process discussed above with reference to Figure 2. 

An alternative method for making sheet material 50 is disclosed in Figure 
9. The method of Figure 9 is similar to that described above with respect to Figure 
8, however the adhesive layer 8 and PVDC layer 7 are independently extruded 
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onto substrate 3. In this regard, the adhesive layer 8 is first extruded onto the 
substrate 3 by an extrusion die 60, and then the PVDC layer 7 is extruded on top 
of the adhesive layer 8. The PVDC layer 7 is extruded in noncapsulated form 
using the method discussed above for extruding unencapsulated PVDC, 

5 

Pressure sensitive adhesives could be used for adhesive layer 8 of material 
50 in place of hot melt. 

As will be apparent to those skilled in the art in the light of the foregoing 
1 0 disclosure, many alterations and modifications are possible in the practice of this 
invention without departing from the spirit or scope thereof Accordingly, the 
scope of the invention is to be construed in accordance with the substance defined 
by the following claims. 
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WHAT IS CLAIMED IS: 

1 . An extrusion coated multilayer sheet material comprising: 
a substrate layer; and 

a single non-encapsulated layer of polyvinylidene chloride copolymer 
having a thickness of at least 10 micrometers extrusion coated onto a surface of 
the substrate layer. 

2. A sheet material according to claim 1 further including an adhesive primer 
layer located between the substrate layer and the polyvinylidene chloride 
copolymer layer for facilitating bonding of the polyvinylidene chloride copolymer 
layer to the substrate layer. 

3 . A sheet material according to claim 2 wherein the adhesive primer layer is 
comprised of a combination of water or solvent soluble copolymers, and in 
particular where such primer layer is a hot melt adhesive. 

4. A sheet material according to claim 2 wherein the substrate layer is formed 
from a material selected from the group consisting of polyvinyl chloride; 
polypropylene; polyester; polyamides; polystyrene; polyethylene; ethylene vinyl 
alcohol; polycarbonates; copolymers, coextrusion combinations of the forgoing; 
paper and aluminum foil layer is formed from a sheet material selected from the 
group consisting of paper and aluminum foil. 

5. A method for coating a substrate sheet with a layer of polyvinylidene 
chloride comprising the steps of: 

providing an extruder coupled to a die having a die opening, said die having 
shortened flow passages; 
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coating said flow passages with polyethylene; 

passing molten polyvinylidene chloride from said extruder to said die and 
through said die opening; 

providing a primer means over a surface of said substrate; 

transferring said substrate into close proximity to said die opening; and 

coating said substrate with said extrudedpolyvinylidene chloride emanating 
from said die opening. 

6. A method according to claim 5 wherein the primer means includes a 
combination of water or solvent soluble copolymers. 

7. A method according to claim 6 wherein said die opening is configured to 
yield a polyvinylidene chloride layer having thickness of at least 10 micrometers 
and said polyvinylidene chloride is extruded at a temperature of approximately 
170° C 

8. A method according to claim 5 wherein said die and portions of said 
extruder in contact with the polyvinylidene chloride are comprised of a highly 
corrosion resistant compound, and in particular DuranickeL 

9. A method for extrusion coating a substrate sheet with a polyvinylidene 
chloride copolymer layer comprising the steps of: 
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providing an extrusion die for co-extruding in sheet form through a 
slot opening a partially encapsulated material comprising polyvinylidene chloride 
copolymer with an adhesive material bonded to one surface thereof ; , 

passing the substrate sheet by the slot opening; and 

extruding the partially encapsulated sheet material onto the substrate 
sheet so that the adhesive material is located between the substrate sheet and the 
polyvinylidene chloride. 

10. A method according to claim 9 wherein the adhesive material is a hot melt 
material having an MI greater than 1 . 

11. A method according to claim 9 wherein the polyvinylidene chloride 
copolymer is by weight 80% to 99% polyvinylidene chloride. 

12. A method according to claim 9 wherein said substrate material is selected 
from the group consisting of polyvinyl chloride, polypropylene, polyester, 
polyamides, polystyrene, polyethylene, ethyl vinyl alcohol, polycarbonates, co- 
polymers and extrusion combinations thereof, paper and aluminum foil. 
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